Aim: The objective of the paper is to construct an index of fiscal performance of Indian states using DEA. The reason behind using non-parametric methods for the purpose of construction of index is that the traditional ratio approach is incapable of handling multiple input and output indicators.
Introduction
In spite of the existence of a federal structure of administration (in which the financial powers and responsibilities are shared between the Centre and the State), it is commonly agreed that Indian states enjoy relatively much less administrative and financial power compared to the Central government. In this context, reexamination of Centre-State financial relations and possible initiation of reforms in the relationship are undoubtedly of interest to the researchers and policy makers. The primary motivation for the present paper, however, emanates from a different source-the unevenness in financial performance of Indian states. While it is generally agreed upon that the States require more authority in the matter of mobilization of financial resources and perhaps, more generous attitude of the Central government regarding transfer of funds from the Centre to the States, analysis of the internal strength and weaknesses of the States is also equally important. In the past one decade, the central government also linked its assistance to the state governments with the accomplishment of institutional reforms in area of fiscal operations. Against this backdrop, the present study benchmarks the performance of non-special category states (these are the states which do not enjoy any special tax concession or additional central assistance) for the years 2009-10 to 2013-14 using data envelopment and also tries to assess the impact of indebtedness on the efficiency performance of the states.
The paper is organized in to five sections and proceeds as follows. Section 2 provides an overview of state finances in India. Section 3 discusses the received literature relating the evaluation of fiscal performance of Indian states. Section 4 discusses the methodological issues connected with benchmarking of performance in a non-parametric setting and assessment of the impact of contextual variable on the efficiency scores. Section 5 presents and discusses the results. Finally, section 6 concludes.
Fiscal scenario of Indian states
While both the central and the state governments in India have independent revenue raising and spending powers, there are inherent asymmetries in the federal structure resulting in both vertical and horizontal fiscal imbalances. The vertical fiscal imbalances exist because compared to the centre, the state governments in India have limited power to mobilise resources through taxes. The central government retains the entire tax revenue collected from important sources like corporate income or customs. The states have limited opportunities to mobilise direct taxes. Although due to the more liberal sharing of tax collection with the state governments, their share has increased over the last few decades, the central government share in the combined revenue is still about 43%. Table 1 provides the trend relating to the relative share of the central government and the states in the combined revenue between 1990-91 and 2013-14. With limited resources at their disposal, the state governments have to have to shoulder a significant burden of expenditure relating to the social sector. In particular, education and provision of medical services and public health are the important social sector activities taken up by the state governments. Table 2 provides the trend in social sector expenditure incurred by the state governments for the span 2009-10 to 2013-14. The Indian constitution provides for the transfer of resources from the Central to the state governments to bridge the gap between resources required by states to meet their assigned responsibilities and their own resources. Effectively, the transfer system is a three tier transfer system: the Indian central government transfers funds via Finance Commission, Planning Commission and various union ministries and agencies (discretionary transfers). Recently, the Planning Commission has been replaced by the Niti Ayog (The National Institution for Transforming India -policy think tank established by the Central Government). Table 3 provides a snapshot view of the transfer of resources from the Centre to the states. In spite of the financial support from the Central Government (beyond the sharing of taxes), conditions of state finances in India deteriorated sharply from the eighties and this condition persisted for two decades. In order to ensure better fiscal governance, 28 states have passed Fiscal Responsibility and Budgetary Management (FRBM) Acts between 2003-2010 aiming at phased and time bound reductions in revenue and fiscal deficits (as a percentage of GSDP) to prudent levels and putting ceilings on total outstanding liabilities (as a percentage of GSDP).
In the post-FRBM phase, fiscal indicators have improved for the states in general. However, substantial inter-state variations in fiscal scenario continue to exist across the states due to variations in revenue mobilisation capacity, composition and quality of expenditure and outstanding liablities. There are also many idiosyncratic factors at play. For example, two states may have similar GSDP (Gross Domestic State Product) levels. Yet the potential and actual revenue mobilisation may differ widely between them depending on the relative presence of the organised manufacturing and service sectors in them. States also differ considerable in terms of outstanding liabilities. The objective of the present study is to focus on this horizontal imbalance in the post-FRBM phase.
Fiscal performance of Indian states-a review of literature and research gaps

Literature Review
Several research studies attempted to assess the fiscal performance of Indian states in the context of intergovernmental transfer of resources. The present section includes the important studies undertaken in Indian context which had a sub-national perspective. Rao and Singh (1998) examined the fiscal situation of Indian states for the period 1955-56 to 1993-94 in terms of vertical and horizontal fiscal imbalances. As indicated earlier, vertical fiscal imbalance prevails due to the gap between expenditures and revenues at different levels of government while horizontal/lateral fiscal imbalance exists due to the gap between revenue and expenditure levels within a particular level of government. Bajpai and Sachs (1999) reviewed the deteriorating fiscal position of the Indian states in the nineties and identified several reasons for the worsening position: a stagnating tax-GDP ratio, increasing proportion of non-development expenditure in the total expenditure, large quantum of clandestine subsidies, rising financial burdens of state enterprises and rising demand for public services. Coondoo et al. (2001) considered the comparative tax performance of 16 states in India (as measured by tax/SDP ratio) for the period 1986-87 to 1996-97 using a quantile regression approach. On the basis of their study they classified the insample states in to four categories: best, medium, declining and worst. Rao (2002) reviewed the situation of Indian state finances for the period 1980-2000. The study noticed worsening scenario in state finances during the nineties -as evidenced by sharp upswings in primary, revenue and fiscal deficits, growth in indebtedness and contingent liabilities, and downward trends in capital and maintenance expenditures. Low buoyancy of fiscal transfers from the central government and the contagion effect of central pay revisions had an adverse bearing on state finances. However, the own fiscal performance of the relative states has also seen sharp decline especially due to their failure to increase the tax base. Dholakia (2005) provided an alternative to the Fiscal Self Reliance and Improvement Index recommended by the Eleventh and Twelfth Finance Commissions for measuring fiscal discipline of the Indian states. She developed a composite index of performance which she termed as Fiscal Performance Index which was constructed out of three indices-a Deficit Index, an Own Revenue Effort Index and an Expenditure and Debt Servicing Index. Dholakia used the Fiscal Performance Index to rank the performance of Indian states for the period 1990-91 to 2002-03. Roy and Roy Chowdhury (2009) used a theoretical model to determine optimum fiscal policy of the state governments in India and then compared the actual revenue and expenditures with the optimum policy for . The comparison of actual own revenue and expenditure policies of the observed states to the optimum policy shows that states are spending at a higher level than estimated optimum level and collecting lesser revenue relative to the optimum. Chakraborty and Dash (2013) considered the impact of introduction of fiscal rules by the states via Fiscal Responsibility Acts (FRBM). While they found that the introduction of fiscal rules have prompted the states to reduce revenue and fiscal deficits in the post-FRBM phase, inter-state disparities in per capita expenditure has increased during the recent years. Further, it was evidenced that fiscal targets under FRBM were achieved through cut backs in discretionary development spending. Mundle et al. (2016) compared the governance performance of major Indian states for the years 2001-02 and 2011-12 from the stand points of services, infrastructure, social services, fiscal performance, justice, law and order and quality of legislature. For judging fiscal performance, two indicators were considered: proportion of development expenditure to total expenditure and the ratio of own tax revenue to total tax revenue. They found three high income states (Gujarat, Tamil Nadu and Haryana), two middle income states (Karnataka and Andhra Pradesh) and one low income state (Chattisgarh) as the best performers in the area of fiscal performance.
Research gaps and objective of the study
The existing literature relating to the comparative fiscal performance of Indian states mostly used weighted ratio approach. Only one study used the quantile regression methodology. The objective of the present study is to provide an alternative approach for constructing a comprehensive fiscal performance index based on robust methodology. For constructing the index, Data Envelopment Analysis (DEA) has been used. The composite indices developed as proxies for fiscal performance of states in studies like Dholakia (2005) used a priori and researcher assigned weights. Compared to this, DEA is a data driven approach which assigns weights to inputs and outputs in manner such that the units under observation are evaluated in the most favourable manner. Thus the approach used in the present study is more scientific than the weighted ratio based indices introduced earlier.
Another important advantage of the present study is the computation of interval estimates of performance through bootstrap which was not possible under the conventional methodology. For each in-sample year, we have only 16 observations. For small samples, DEA estimates of efficiency contain upward bias which can be corrected through bootstrap. The objective of performing bootstrap DEA is to obtain unbiased efficiency estimates.
Further, it is a known fact that the Indian states are dependent on borrowings for financing their activities to a significant extent. Thus in the second stage, the present study performs censored regression for exploring the influence of outstanding liability ratio (in terms of gross state domestic product) on point and bias corrected estimates of efficiency.
Performance benchmarking: the conceptual and methodological issues
A brief outline of the conceptual framework
In the present day context, a state has an important role to play in promoting economic growth and development. In order to see how economic growth is related to state finances, let us consider a very simple static macroeconomic framework. Consider a hypothetical state with the following income and budgetary identities:
Where stands for GSDP (Gross Domestic State Product), for private aggregate consumption, for net exports to other regions/states, for private investment and for government spending. represents the total non-debt resources of the state and includes four components: own tax revenues non-tax revenues share of central government taxes and transfers from central government under various heads.
stands for the outstanding debt in period t. Finally, represents the rate of interest payable on the borrowed amount.
We further assume that is dependent on government development spending: = , 0<m<1. Finally, = , stands for the incremental debt-GSDP ratio. From equations (1) and (2) we get the following relationship:
Where 0<f<1.
Equation (3) shows that apart from, consumption expenditure and exports to other regions, the level of income (and its growth rate) depends positively on (nondebt)resources mobilized, government development spending. Since a state do not have discretionary power over other sources of revenue, own tax revenue (mobilized by the state) is an important variable from the perspective of the state. Similarly, development spending is also a facilitator for income generation and growth.
Evaluation of performance-the distance function approach
In the present study we follow a multi-criteria approach for performance evaluation. In this context, Shephard's (1953 Shephard's ( , 1970 distance function approach gives a sound theoretical basis for the derivation of performance evaluation rules. The idea emanates from a multi-input multi-output production system where distance function provide a functional interpretation of the production technology. The production technology encompasses an input and an output set. The input set is characterized by the input distance function. The output set is characterized by the output distance function. The efficiency of a productive unit is defined as a distance between the quantity of observed input and output and the quantity of input and output required for the best practice frontier.
In order to explain the concept of input and distance function, we consider a technology Tg utilizing a nonnegative vector of inputs X=(x1,x2,......,xn)R n + to produce a nonnegative vector of outputs Y=(y1,y2,......,ym)R m + . They can be functionally related as: Y=P(X) and X=L(Y). These two functions relates inputs and outputs from the output and input perspectives respectively. P(X) refers to the output set (set of all output vectors) and L(Y) refers to the input requirement set (set of all combinations of inputs that will produce y).
An input distance function can thus be defined as Dinput= Max[λ:X/λ L(Y)].Intuitively speaking, an input distance function gives the maximum amount by which the producer's input vector can be radially contracted and yet remain feasible for the output vector it produces. The reciprocal of the input distance function can be considered as the radial measure of input-oriented technical efficiency.
In an analogous fashion, the output distance function is defined as: Doutput= Min[µ:Y/µ P(X)]. Intuitively speaking, an output distance function gives the minimum amount by which the producer's output vector can be deflated and yet remain feasible for a given input vector. The radial measure of output-oriented technical efficiency coincides with the output distance function
Estimation of the distance function
While both parametric and non-parametric methods can be used for the estimation of distance function, we prefer the non-parametric approach because of the following reasons: (i) non-parametric methods can easily handle multiple outputs which is not the case for parametric approaches.
(ii) non-parametric methods do not require knowledge about the parametric functional specification of the relationship between input and output indicators.
As mentioned earlier, DEA has been used in the present study for estimating efficiency. DEA is a non-parametric method based on mathematical programming. DEA is frequently used for comparing the relative performances of economic units with two prior assumption on input-output relation: free disposability of inputs and outputs and convexity. The DEA approach constructs a convex efficiency frontier of productive units. Efficiency can be computed from both input perspective (inputoriented model) and output perspective. In the input-oriented model (under the assumption of variable returns to scale), the linear program for efficiency estimation is: Banker (1993) , while providing a formal statistical foundation for DEA, showed that DEA estimators of the best practice monotone increasing and concave production function would be maximum likelihood estimators if the deviation of actual output from the efficient output is regarded as a stochastic variable with a monotone decreasing probability density function. However, For a finite sample size, the best practice frontier estimator would lie below the theoretical frontier implying the existence of an upward bias in the constructed frontier. In practical application of DEA, statistical estimators of the frontier are obtained from finite samples. Consequently, the corresponding efficiency estimates are sensitive to the sampling variations of the obtained frontier. Korostelev et al. (1995a Korostelev et al. ( , 1995b have shown that DEA estimators satisfy consistency property under very weak general conditions. However, the obtained rates of convergence are very slow. Bootstrap analysis facilitates the correction of such upward bias.
Min
Bootstrap efficiency estimation:
Efron (1979) introduced the concept of bootstrap which involves resampling from an original sample of data via computer-based simulations to getting the sampling properties of random variables. The beginning of any bootstrap procedure is a sample of observed data points X = {x1, x2, . . . , xn} randomly drawn from a population with an probability distribution f (unknown). The premise of the bootstrap method is that the random sample actually drawn "mimics" its parent population.
The sample statistic = θ(X) computed from this state of observed values is merely an estimate of the corresponding population parameter θ = θ(f). Since the researcher has access to only one sample rather than multiple samples drawn from the same population, it is not possible to get sampling distribution of the statistic. Under the circumstances, if one draws a random sample with replacement from the observed values in the original sample, it can be treated like a sample drawn from the underlying population.
The bootstrap method suggested by Efron (1979) involves drawing of sample (with replacement) directly from the observed data and is known as naive bootstrap. In this case the bootstrap sample is effectively drawn from a discrete population which fails to recognize the fact that the underlying population density function f is continuous. Simar and Wilson (1998) suggested that the problem could be overcome by resorting to smoothed bootstrap which involves resampling via a fitted model. The smoothed bootstrap methodology involves the use of Kernel estimators as weight functions. If we write the naive bootstrap sample as Xnbs ={x1*, x2*,......, xn*} and the smoothed bootstrap sample as Xsbs ={x1**, x2**,......, xn**} then the elements of the two are related to each other in the following manner: xi**=xi*+hϵ ~f, where h is the smoothing parameter for the density function while xi* and xi** represent the i th elements of the naive and smoothed bootstrap samples.
In case of bootstrapping, every time when we replicate the bootstrap sample, we get a different sample X**, we will also get a different estimate of θ* = θ(X**). Thus, we need to select a large number of bootstrap samples, B, in order to extract as many combinations of xj (j = 1, 2, . . . , n) as possible. The steps followed in bootstrapping are briefly as follows:
(a) Compute the technical efficiency θ from the observed sample X. 
Computation of bias corrected efficiency
One important objective for applying bootstrap analysis in the context of small samples is to get rid of the upward bias existing in the estimated frontier. The bias correction procedure is now spelt out in brief:
A measure of the accuracy of an estimator θe of the parameter θ is the bias measure E( )-θ. The bias-corrected estimator is: θbc= -bias. In our case, we compute bias =θe-θ .
Thus the bias corrected estimated technical efficiency is :θbc=2 -θe However, as Simar and Wilson (2000) pointed out, this bias correction might generate additional noise. To check for this, the sample variances of the bootstrap values ( ) are to be calculated. Bias correction is to be made only if : bias/ >√3.
Impact of contextual variable on the performance scores
An important objective of the study is to assess the influence of contextual/environmental variable on the efficiency estimates and this is done in terms of econometric analysis. However, since the efficiency scores are bounded (the lower and upper bounds being 0 and 1), ordinary least square method can not be applied without any kind of data transformation. In the present study, censored regression has been used in lieu of data transformation.The censored regression model is effectually an extension of the standard Tobit model. The dependent variable can be either left-censored, right-censored, or both left-censored and rightcensored, where the lower or upper limit of the dependent variable can be any number. The censored regression model can be represented as: y*=x'β+u y=c if y*≤0,y=y* if c<y*<d and y=d if y*≥0 Where y* is a latent (unobserved) variable and y is the observed variable. x is a vector of explanatory variables. c and d are the lower and upper limits of the dependent variable. β is a vector of unknown parameters and u represents the disturbance term.
Censored regression models are usually estimated by the Maximum Likelihood method. Under the assumption that the disturbance term u is normally distributed with expectation 0 and variance σ 2 , the log-likelihood function may be written as:
where (.) and denote the cumulative distribution and probability density function respectively of the standard normal distribution and & are the indicator functions with =1 if y=a and =0 if y>a and =1 if y=b and =0 if y>b.
Framework of study, results and discussion
Inputs and outputs and model orientation
Benchmarking of state performance requires specification of input and output indicators. In the previous section, a simple framework of analysis was used which showed that the level of income is positively related to government revenue, government spending and the revenue-spending ratio. Taking cue from this, we now make use of three output indicators and one input indicator for the purpose of multicriteria performance evaluation (Table 4) . On the output side, two indicators are taken: Own Tax Revenue and Development Spending Mobilization of own tax resources is an important indicator of the intention to have fiscal discipline. The quality of spending, on the other hand, is found to be an important facilitator of growth and development and consequently development expenditure has been taken as a proxy for the quality of expenditure undertaken by the states. On the input side, Gross State Domestic Product is considered. Estimation of efficiency is made using the output-oriented approach. DEA efficiency scores were computed under variable returns to scale. Computations were made using 'R'. 
Period of analysis, sample observations and data source
The present study is based on observations relating to 16 non-special category States for the period 2009-10 to 2013-14. In India, there are two categories of states: special and non-special. Out of the 29 states in India, eleven are special category states which have not been included in the present analysis because they enjoy special benefits in terms of tax concessions and Additional Central (Government) Assistance. Out of the 18 non-special category states, two small states (Delhi and Goa were excluded).The period has been chosen out of the interest to compare the states for the post-FRBM phase only. Data relating to the variables included in the study have been collected from the RBI and Government of India reports. To be specific, data relating to the output and input indicators have been collected from various sources including Report on State Finances (R.B.I.) and Economic Survey (Government of India). Table 5 presents the descriptive statistics of technical efficiency scores for the period 2009-10 to 2013-14. The state wise mean technical efficiency scores and standard deviation of efficiency scores are provided in appendix tables (A2 through A6). Table 5 indicates an alternating trend in mean efficiency scores across the time period. Source: Author's own elaboration.
Results and discussion
Bootstrap based interval estimates of performance:
In case of small samples point DEA estimates of efficiency contain upward bias. Table 6 provides the bias corrected mean efficiency scores, mean lower and upper bounds of efficiency relative to the in-sample states for the period under observation. The state wise such scores are provided in appendix tables A2 through A7. Kindly note that the tables contain upper bounds of efficiency scores (as reported by the software) which are greater than 1. These may be truncated to 1. Source: Author's own elaboration.
Estimation of returns to scale
It is of interest to have information about the returns to scale characteristics of the in-sample states for the five year period. Table 7 presented below provides the summary information regarding the returns to scale. The table shows that most of the states exhibited decreasing returns to scale after 2009-10. Appendix Table A 7 provides the state wise information about returns to scale. Source: Author's own elaboration.
Efficiency variations across income groups
In the present study, performance of sixteen non-special category Indian states has been evaluated for 2009-10 to 2013-14 from the stand point of fiscal management. The efficiency score corresponding to a state is a composite index of efficiency. Now, for understanding the difference in efficiency performance across the affluent and not so affluent states, the in sample states have been categorized in to three categories on the basis of per capita Gross State Domestic Product The sixteen states include four high income states (Maharashtra, Gujarat, Haryana and Tamil Nadu), five middle income states (Kerala, Punjab, Karnataka, Andhra Pradesh and West Bengal) and seven low income states (Rajasthan, Jharkhand, Chhattisgarh, Madhya Pradesh, Odisha, Uttar Pradesh and Bihar). Table 8 represent the average performances across the three groups for the observed years. The categorization provides some interesting results. In the first two years under observation, high income states produced below average performance while the other two categories had above average result. However, there was a role reversal in the subsequent three years. Source: Author's own elaboration.
Impact of indebtedness
As indicated earlier, the influence of indebtedness of the Indian states on their efficiency performance is estimated using a censored regression framework. The DEA efficiency is taken as the dependent variable and the total outstanding liabilities to GSDP ratio (proxy for indebtedness) is taken as the independent variable. The year wise outstanding liability ratios for the in-sample states for the five year period are provided in appendix Table A 8. The results presented in Table  8 show that the influence of the outstanding liability ratio is significant provided we consider the point estimates of efficiency. However, if we consider the bias corrected scores (refer Table 9 ), then this linkage is not supported by empirical evidence. This is quite an interesting result: the states which are relatively more indebted may not have done that badly in terms of current performance. In fact, high degree of indebtedness is a legacy of the past.
With the on set of FRBM regulations, states have been compelled to restrict their borrowings for maintaining the FRBM upper limits. 
Conclusions
The present study attempts to provide robust estimates of fiscal performance indices based on non-parametric tools for five consecutive financial years. If we look at the DEA results, then we find that mean technical efficiency had an alternating trend. Mean efficiency improved in 2010-11 and then experienced a decline in 2011-12, further picked up in 2012-13 and declined again in 2013-214. This alternating trend is likely because of instability in the mobilization of own tax revenues and undertaking development spending. As mentioned earlier, middle and low per capita income states have performed better than the high income states during 2009-10 and 2010-11 but the trend was reversed during 2011-12 to 2013-14. For inefficient states, inefficiency can arise due to shortfalls in performance relative to the benchmark in respect of own tax revenue, development expenditure or index of fiscal discipline. Decomposition of inefficiency shows that the inefficiency of high and middle income states is mainly due to shortfalls in development expenditure. On the other hand, the low income states mainly lagged on account of poor mobilization of own tax revenues. Further, the alleged inverse linkage between indebtedness and efficiency performance does not hold good if we remove biases in efficiency estimates. Source: Author's own elaboration.
